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[57) ABSTRACT

A pressure-casting machine that contains a delivery
system, which comprises: a molten metal pouring pipe

made of a refractory, having a length of at least 4 m
and an outside diameter of at least 350 mm, and

arranged such that an upper end thereof is attached
substantially vertically from below to an opening in a
bottom wall of a mold for a pressure-casting machine,
and a lower end thereof extends through a lid of a
closed vessel arranged below the mold and is immersed
Into molten metal received in a ladle arranged in the
closed vessel. The molten metal pouring pipe comprises
at least two pipe sections connected to each other in
series and in a liquid-tight manner by means of a
threaded joint, tapered surfaces provided with screw
threads of which have an inclination angle within a
range of from 2.0° to 15.0° relative to the center axis of
the molten metal pouring pipe.

9 Claims, 2 Drawing Sheets
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MOLTEN METAL POURING PIPE FOR
PRESSURE-CASTING MACHINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a molten metal pour-
ing pipe for a pressure-casting machine.

2. The Prior Art

A pressure-casting machine is known as an apparatus
for casting molten metal.

A conventional pressure-casting machine 35 is de-
scribed below with reference to FIG. 7.

F1G. 7 1s a schematic vertical sectional view illustrat-

ing a conventional pressure-casting machine 35. As
shown in FIG. 7, the conventional pressure-casting
machine 35 comprises:

a mold 36 having an opening 364 in a bottom wall 364
thereof:

a closed vessel 37, arranged below said opening 365
of said mold 36, having a lid 37¢ and a compressed gas
supply port 37b;

a ladle 38 arranged 1n said closed vessel 37,

a molten metal pouring pipe A made of a refractory,
having a sufficient length such that an upper end thereof

1s attached substantially vertically from below to said
opening 365 in said bottom wall 36a of said mold 36, and
a lower end thereof runs through said lid 374 of said
closed vessel 37 and is immersed into molten metal
received in said ladle 38 arranged in said closed vessel
37; and

a compressed gas supply means (not shown) for sup-
plying a compressed inert gas into said closed vessel 37
through said compressed gas supply port 376 of said
closed vessel 37, so as to pour molten metal received in
said ladle 37 into said mold 36 through said molten
metal pouring pipe A.

According to the above-mentioned conventional
pressure-casting machine 35, unlike the case of pouring
molten metal into the mold from above, splash of mol-
ten metal never adheres onto an inner surface of the
mold 36, and as a result, it is possible to manufacture a
metal cast strand having a smooth surface. Since it is
also possible to pour molten metal received in the ladle
38 into the mold 36 through the molten metal pouring
pipe A without causing molten metal to be in contact
with the open air, the oxidation of molten metal can
substantially perfectly prevented, thus permitting the
manufacture of a metal cast strand the chemical compo-
sition of which 1s very strictly controlled.

In the above-mentioned pressure-casting machine 385,

there 1s a demand for a scaling up of the mold 36 and the
ladle 38 with a view to improving the manufacturing
efficiency, and along with this, it is inevitable to use a
large-sized molten metal pouring pipe having a length
of at least 4 m and an outside diameter of at least 350
mm.
A molten metal pouring pipe is used under very se-
vere conditions. More specifically, not only the molten
metal pouring pipe comes into contact with a high-tem-
perature molten metal, but also molten metal having a
very high pressure passes through a bore of the molten
metal pouring pipe. The molten metal pouring pipe is
therefore made of a refractory excellent in spalling
resistance and having a high strength, for example, a
refractory comprising aluminum oxide (Al,O3), carbon
(C) and/or silicon oxide (Si03).
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However because an article made of a refractory is
limited in size, it 1s difficult to integrally form the above-
mentioned large-sized molten metal pourning pipe with a
refractory.

Under such circumstances, a large-sized molten metal
pouring pipe for solving the above-mentioned problems
is known (hereinafter referred to as the “prior art”).
The molten metal pouring pipe B of the prior art for a
pressure-casting machine is described below with refer-
ence to FIGS. 1 and 2.

FIG. 1 is a schematic front view illustrating a molten
metal pouring pipe B of the prior art for a pressure-cast-
ing machine, and FIG. 2 is a schematic partial vertical
sectional view 1illustrating the molten metal pouring
pipe B of the prior art shown in FIG. 1.

As shown in FIGS. 1 and 2, the molten metal pouring
pipe B of the prior art for the pressure-casting machine
comprises:

two pipe sections 1 and 6 made of a refractory, con-
nected to each other in series and in a liquid-tight man-
ner by means of a threaded joint b, the threaded joint b
comprising (1) a male screw 8§ formed on a cylindrical
outer surface of a lower end portion 3 of an upper pipe
section 1 out of the two pipe sections 1 and 6, and (ii) a
female screw 10, with which the male screw 8§ of the
upper pipe section 1 is to engage, formed on a cylindri-
cal mner surface of an upper end portion 7 of a lower
pipe section 6 out of the two pipe sections 1 and 6.

The upper pipe section 1 and the lower pipe section 6
are connected to each other in series and in a liquid-
tight manner by causing the male screw § of the lower
end portion 3 of the upper pipe section 1 to engage with
the female screw 10 of the upper end portion 7 of the
lower pipe section 6, whereby a bore 4 of the upper pipe
section 1 and a bore 9 of the lower pipe section 6 com-
municate with each other. When causing the male
screw 5 of the lower end portion 3 of the upper pipe
section 1 to engage with the female screw 10 of the
upper end portion 7 of the lower pipe section 6, it is
possible to further improve liquid tightness at the junc-
tion between the upper pipe section 1 and the lower
plpe section 6, i.e., at the threaded joint b, by applying
a refractory mortar on the surfaces of the male screw 5
and the female screw 10.

According to the above-mentioned prior art, the
large-sized molten metal pouring pipe B having a total
length of at least 4 m and an outside diameter of at least
350 mm can be provided by connecting the two pipe
sections 1 and 6 made of a refractory.

However, the molten metal pouring pipe B of the
prior art has the following problems: When applying
the molten metal pouring pipe B of the prior art to the
pressure-casting machine to cast molten metal, the mol-
ten metal pouring pipe B is subjected to a considerable
stress by molten metal passing therethrough, and partic-
ularly, stress is concentrated on a portion 3a near the
starting point of the male screw § of the lower end
portion 3 of the upper pipe section 1, and on a portion
7a near the starting point of the female screw 10 of the
upper end portion 7 of the lower pipe section 6. Such
concentration of stress may cause cracks in the above-
mentioned portions 3a and 7a to cause the leakage of
molten metal, and furthermore, the molten metal pour-
ing pipe B may be broken at the junction between the
upper pipe section 1 and the lower pipe section 6, i.e., at .
the threaded joint b, thus resulting in a stoppage of the

- casting operation.
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Under such circumstances, there is a strong demand
for the development of a molten metal pouring pipe for
a pressure-casting machine, which increases the
strength at the junction between the upper pipe section
and the lower pipe section, thereby making it possible to
continue a stable casting operation for a long period of
time, but such a molten metal pouring pipe has not as
yet been proposed.

SUMMARY OF THE INVENTION

An object of the present invention is therefore to
provide a molten metal pouring pipe for a pressure-cast-
ing machine, which increases the strength at the junc-
tion between the upper pipe section and the lower pipe
section, thereby making it possible to continue a stable
casting operation for a long period of time.

- In accordance with one of the features of the present
~ 1vention, in a molten metal pouring pipe for a pressure-
casting machine, which comprises:

a molten metal pouring pipe made of a refractory,
having a sufficient length such that an upper end thereof
1s attached substantially vertically from below to an
opening in a bottom wall of a mold for a pressure-cast-

S
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ing machine, and a lower end thereof runs through alid

of a closed vessel arranged below said mold and is im-
mersed 1nto molten metal received in a ladle arranged in
said closed vessel, said molten metal pouring pipe com-
prising at least two pipe sections connected to each
other in series and in a liquid-tight manner:;

there i1s provided the improvement wherein:

said at least two pipe sections are connected to each
other by means of a threaded joint, tapered surfaces
provided with screw threads of which have an inclina-
tion angle within a range of from 2.0° to 15° relative to
the center axis of said molten metal pouring pipe.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic front view illustrating a molten
metal pouring pipe of the prior art for a pressure-casting
machine;

FIG. 2 is a schematic partial vertical sectional view
illustrating the molten metal pouring pipe of the prior
art shown in FIG. 1;

FIG. 3 1s a schematic front view illustrating a molten
metal pouring pipe of a first embodiment of the present
invention for a pressure-casting machine;

FIG. 4 1s a schematic partial vertical sectional view
illustrating the molten metal pouring pipe of the first
embodiment of the present invention shown in FIG. 3;

FIG. 5§ is a schematic front view illustrating a molten
metal pouring pipe of a second embodiment of the pres-
ent invention for a pressure-casting machine;

FIG. 6 1s a schematic partial vertical sectional view
illustrating the molten metal pouring pipe of the second
embodiment of the present invention shown in FIG. 5;
and

FIG. 7 1s a schematic vertical sectional view illustrat-
Ing a conventional pressure-casting machine.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

From the above-mentioned point of view, extensive
studies were carried out to develop a molten metal
pouring pipe for a pressure-casting machine, which
increases strength at the junction between the upper
pipe section and the lower pipe section, thereby making
1t possible to continue a stable casting operation for a
long period of time.
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As a result, the following findings were obtained: It is
possible to provide a molten metal pouring pipe for a
pressure-casting machine, which increases, in a molten
metal pouring pipe for a pressure-casting machine,
which comprises at least two pipe sections connected to
each other in series and 1n a liqud-tight manner,
strength at a portion in the junction between the upper
pipe section and the lower pipe section, where stress
tends to concentrate, thereby preventing the occur-
rence of cracks at the junction between the upper pipe
section and the lower pipe section, and thereby making
it possible to continue a stable casting operation for a
long period of time, by connecting these at least two
pipe sections to each other by means of a threaded joint,
tapered surfaces provided with screw threads of which
have an inclination angle within a range of from 2.0° to
15.0° relative to the center axis of the molten metal
pouring pipe.

The present invention was made on the basis of the
above-mentioned findings. Now, a molten metal pour-
ing pipe of a first embodiment of the present invention
for a pressure-casting machine, is described below in
detail with reference to FIGS. 3 and 4.

FIG. 3 1s a schematic front view illustrating a molten
metal pouring pipe of a first embodiment of the present
invention for a pressure-casting machine; and FIG. 4 is
a schematic partial vertical sectional view illustrating
the molten metal pouring pipe of the first embodiment
of the present invention shown in FIG. 3.

As shown in FIGS. 3 and 4, the molten metal pouring
pipe C of the first embodiment of the present invention
comprises at least two pipe sections 11 and 16 con-
nected to each other in series and in a liquid-tight man-
ner by means of a threaded joint c.

These at least two pipe sections 11 and 16 are made of
a refractory having a chemical composition comprising,
for example, 27 wt. % carbon (C), 46 wt. % aluminium
oxide (Al03), 24 wt. % silicon oxide (S103) and 3 wt.
% silicon carbide (SI1C).

The threaded joint ¢ for connecting these at least two
pipe sections 11 and 16 to each other in series and in a
liquid-tight manner comprises (i) a male screw 15
formed on a tapered outer surface coverging toward the
ttp of a lower end portion 13 of the upper pipe section
11 out of these at least two pipe sections 11 and 16, and
(11) a female screw 20, with which the male screw 15 of
the upper pipe section 11 is to engage, formed on a
tapered inner surface diverging toward the tip of an
upper end portion 17 of the lower pipe section 16 out of
these at least two pipe sections 11 and 16.

When each of the tapered outer surface provided
with the male screw 15 of the lower end portion 13 of
the upper pipe section 11, and the tapered inner surface
provided with the female screw 20 of the upper end
portion 17 of the lower pipe section 16 has an inclina-
tion angle “©O” of under 2.0° relative to the center axis of
the molten metal pouring pipe C, it is impossible to
impart strength sufficient to withstand a large stress to
a portion 134 near the starting point of the male screw
15 of the lower end portion 13 of the upper pipe section
11, and to a portion 17a near the starting point of the
female screw 20 of the lower end portion 17 of the
lower pipe section 16, and furthermore, it is impossible
to prevent the concentration of stress on the above-
mentioned portion 13a near the starting point of the
male screw 13 and on the above-mentioned portion 174
near the starting point of the female screw 20. When the
above-mentioned inclination angle “©” is over 15.0°
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relative to the center axis of the molten metal pouring
pipe C, on the other hand, it is necessary to modify the
shape of each of the male screw 15 and the female screw
20 into a special shape for obtaining a satisfactory state
of engagement, thus resulting in an increase in the man- 5
ufacturing cost, and making it dlfﬁcult to ensure an
excellent liquid tightness.

Therefore, the inclination angle “©” of each of the
tapered outer surface provided with the male screw 15
of the lower end portion 13 of the upper pipe section.
11, and the tapered inner surface provided with the
female screw 20 of the upper end portion 17 of the
lower pipe section 16, relative to the center axis of the
molten metal pouring pipe C, should be limited within a
range of from 2.0° to 15.0°, and more preferably, within
a range of from 4.0° to 8.0°.

With a pitch of each of the male screw 15 of the upper
pipe section 11 and the female screw 20 of the lower
pipe section 16 of under 10 mm, a strength sufficient to
ensure a firm engagement between the upper pipe sec-
tion 11 and the lower pipe section 16 cannot be ob-
tained. It is difficult, on the other hand, to efficiently
form the male screw 15 and the female screw 20 having
a pitch of over 85 mm respectively on the tapered outer
surface converging toward the tip of the lower end
portion 13 of the upper pipe section 11 and on the ta-
pered mnner surface deiverging toward the tip of the
upper end portion 17 of the lower pipe section 16.

Therefore, the pitch of each of the male screw 15 of
the upper pipe section 11 and the female screw 20 of the 30
lower pipe section 16, should preferably be limited
within a range of from 10 to 80 mm, and more prefera-
bly, within a range of from 25 to 65 mm.

The upper pipe section 11 and the lower pipe section
16 are connected to each other in series and in a liquid-
tight manner by causing the male screw 15 of the lower
end portion 13 of the upper pipe section 11 to engage
with the female screw 20 of the upper end portion 17 of
the lower pipe section 16, whereby a bore 14 of the
upper pipe section 11 and a bore 19 of the lower pipe 40
section 16 are communicated with each other. When
causing the male screw 15 of the lower end portion 13
of the upper pipe section 11 to engage with the female
screw 20 of the upper end portion 17 of the lower pipe
section 16, it is possible to further improve liquid-tight- 45
ness at the junction between the upper pipe section 11
and the lower pipe section 16, i.e., at the threaded joint
C, by applying a refractory mortar onto the surfaces of
the male screw 15 and the female screw 20.

Now, the usage of the molten metal pouring pipe Cof 50
the first embodiment of the present invention is de-
scribed.

An upper end 12 of the upper pipe section 11 of the
molten metal pouring pipe C of the first embodiment of
the present invention is, as in the conventional molten 55
metal pouring pipe A shown in FIG. 7, attached sub-
stantially vertically from below to the opening 365 in
the bottom wall 36a of the mold 36 for the pressure-
casting machine 35. In this state, the lower end 18 of the
lower pipe section 16 of the molten metal pouring pipe 60
C runs through the lid 37a of the closed vessel 37 ar-
ranged below the mold 36 and is immersed into molten
metal received in the ladle 38 arranged in the closed
vessel 37. By supplying a compressed gas such as an
mert gas into the closed vessel 37 from the compressed
gas supply means (not shown) through the compressed
gas supply port 375 of the closed vessel 37, molten metal
received in the ladle 38 arranged in the closed vessel 37
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1s poured into the mold 36 through the molten metal
pouring pipe C under the effect of the compressed gas
thus supplied.

As described above, the molten metal pouring pipe C
is subjected to a considerable stress by molten metal
passing therethrough upon casting molten metal, and
particularly, the lower end portion 13 of the upper pipe
section 11 and the upper end portion 17 of the lower
pipe section 16 are subjected to a particularly large
stress. In the molten metal pouring pipe C of the present
invention, however, these at least two pipe sections 11
and 16 are connected to each other by means of the
threaded joint c. Furthermore, the tapered outer surface
provided with the male screw 15 and converging
toward the tip of the lower end portion 13 of the upper
pipe section 11, and the tapered inner surface provided
with the female screw 20 and diverging toward the tip
of the upper end portion 17 of the lower pipe section 16,
have an inclination angle within a range of from 2.0° to
15.0° relative to the center axis of the molten metal

pouring pipe C. It is therefore possible to increase
strength of the portion 134 near the starting point of the
male screw 135 of the lower end portion 13 of the upper
pipe section 11 and the portion 17a near the starting
point of the female screw 20 of the upper end portion 17
of the lower pipe section 16 by increasing the thickness
thereof, to prevent the concentration of stress on the
portion 13a near the starting point of the male screw 15
and the portion 17a near the starting point of the female
screw 20, and thus to prevent the occurrence of cracks
in the junction between the upper section 11 and the
lower pipe section 16, i.e., at the threaded joint c.

In the above-mentioned molten metal pouring pipe C
of the first embodiment of the present invention, the
threaded joint ¢ for connecting these at least two pipe
sections 11 and 16 to each other in series and in a liquid-
tight manner comprises, as described above, (i) the male
screw 15 formed on the tapered outer surface converg-
ing toward the tip of the lower end portion 13 of the
upper pipe section 11 out of these at least two pipe
sections 11 and 16, and (ii) the female screw 20, with
which the male screw 15 of the upper pipe section 11 is
to engage, formed on the tapered inner surface diverg-
ing toward the tip of the upper end portion 17 of the
lower pipe section 16 out of these at least two pipe
sections 11 and 16. However, the threaded joint ¢ for
connecting these at least two pipe sections 11 and 16 to
each other in series and in a liquid-tight manner may
comprise (1) a female screw formed on a tapered inner
surface diverging toward the tip of a lower end portion
13 of the upper pipe section 11 out of these at least two
pipe sections 11 and 16, and (ii) a male screw, with
which the female screw of the pipe section 11 is to
engage, formed on a tapered outer surface converging
toward the tip of an upper end portion 17 of the lower
pipe section 16 out of these at least two pipe sections 11
and 16.

Now, a molten metal pouring pipe of a second em-
bodiment of the present invention for a pressure-casting
machine, is described below with reference to FIGS. 5
and 6.

FIG. § is a schematic front view illustrating a molten
metal pouring pipe of a second embodiment of the pres-
ent invention for a pressure-casting machine; and FIG.
6 1s a schematic partial vertical sectional view illustrat-
ing the molten metal pouring pipe of the second em-
bodiment of the present invention shown in FIG. 5.
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As shown in FIGS. § and 6, the molten metal pouring
pipe D of the second embodiment of the present inven-
tion comprises at least two pipe sections 21 and 26 con-
nected to each other in series and in a liquid-tight man-
ner by means of a threaded joint d. 5

These at least two pipe sections 21 and 26 are made of
the same refractory as that in the above-mentioned
molten metal pouring pipe C of the first embodiment of
the present invention.

The threaded joint d for connecting these at least two 10
pipe sections 21 and 26 to each other in series and in a
liquid-tight manner comprises (i) a female screw 25
formed on a tapered inner surface diverging toward the
tip of a lower end portion 23 of the upper pipe section
21 out of these at least two pipe sections 21 and 26, (ii) 15
a female screw 30 formed on a tapered inner surface
diverging toward the tip of an upper end portion 27 of
the lower pipe section 26 out of these at least two pipe
sections 21 and 26, and (iii) a nipple 31 made of a refrac-
tory, having a male screw 33, with which the female
screw 25 of the upper pipe section 21 is to engage,
formed on a tapered outer surface converging toward
the tip of an upper end portion thereof, and another
male screw 34, with which the female screw 30 of the
lower pipe section 26 is to engage, formed on a tapered 25
outer surface converging toward the tip of a lower end
portion thereof.

When each of the tapered inner surface provided
with the female screw 25 of the lower end portion 23 of
the upper pipe section 21, and the tapered outer surface 30
provided with the male screw 33 of the upper end por-
tion of the nipple 31, has an inclination angle “©” of
under 2.0° relative to the center axis of the molten metal
pouring pipe D, it is impossible to impart strength suffi-
cient to withstand a large stress to a portion 23a near the 35
starting point of the female screw 25 of the lower end
portion 23 of the upper pipe section 21, and further-
more, it is impossible to prevent the concentration of
stress on the above-mentioned portion 232 near the
starting point of the female screw 25. When the above- 40
mentioned inclination angle “©” is over 15.0° relative to
the center axis of the molten metal pouring pipe D, on
the other hand, it 1s necessary to modify the shape of
each of the female screw 25 and the male screw 33 into
a special shape for obtaining a satisfactory state of en-
gagement, thus leading to an increase in the manufactur-
ing cost, and making it difficult to ensure an excellent
liquid tightness.

Therefore, the inclination angle “©” of each of the
tapered inner surface provided with the female screw
25 of the lower end portion 23 of the upper pipe section
21, and the tapered outer surface provided with the
male screw 33 of the upper end portion of the nipple 31,
relative to the center axis of the molten metal pouring
pipe D, should be limited within a range of from 2.0° to
15.0° and more preferably, within a range of from 4.0°
to 8.0°,

For the same reason as described above, the inclina-
tion angle “©” of each of the tapered inner surface
provided with the female screw 30 of the upper end
portion 27 of the lower pipe section 26, and the tapered
outer surface provided with the other male screw 34 of
the lower end portion of the nipple 31, relative to the
center axis of the molten metal pouring pipe D, should
be limited within a range of from 2.0° to 15.0°, and more 65
preferably, within a range of from 4.0° to 8.0°.

The pitch of each of the female screw 25 of the upper
pipe section 21, the female screw 30 of the lower pipe

20

435

30

35

60

8

section 26, and the male screw 33 and the other male
screw 34 of the nipple 31, which are to engage with
these female screws 25 and 26, respectively, should
preferably be limited within a range of from 10 to 85
mm, and more preferably, within a range of from 25 to
65 mm. The reasons therefor are the same as those given
in the description of the molten metal pouring pipe C of
the first embodiment of the present invention.

By causing the male screw 33 of the upper end por-
tion of the nipple 31 to engage with the female screw 25
of the lower end portion 23 of the upper pipe section 21,
and by causing the other male screw 34 of the lower end
portion of the nipple 31 to engage with the female screw
30 of the upper end portion 27 of the lower pipe section
26, the upper pipe section 21 and the lower pipe section
26 are connected to each other in series and in a liquid-
tight manner, whereby a bore 24 of the upper pipe sec-
tion 21 and a bore 29 of the lower pipe section 26 are
communicated with each other through a bore 32 of the
nipple 31. When causing the male screw 33 of the upper
end portion of the nipple 31 to engage with the female
screw 25 of the lower end portion 23 of the upper pipe
section 21, and causing the other male screw 34 of the
lower end portion of the nipple 31 to engage with the
female screw 30 of the upper end portion 27 of the
lower pipe section 26, it is possible to further improve
liquid-tightness at the junction between the upper pipe
section 21 and the lower pipe section 26, i.e., at the
threaded joint d by applying a refractory mortar onto
the surface of each of the male screws 33 and 34 and the
female screws 25 and 30.

The molten metal pouring pipe D of the second em-
bodiment of the present invention is used in the same
manner as that in the above-mentioned molten metal
pouring pipe C of the first embodiment of the present
invention, and the same effects as those in the molten
metal pouring pipe C of the first embodiment are made
available. Furthermore, since the upper pipe section 21
can have the same shape as that of the lower pipe sec-
tton 26 1in the molten metal pouring pipe D of the second
embodiment of the present invention, it is possible to
reduce the manufacturing cost.

Now, the molten metal pouring pipe of the present
invention for a pressure-casting machine is described
further in detail by means of an example, while compar-
ing with an example for comparison.

EXAMPLE

The molten metal pouring pipe C of the first embodi-
ment of the present invention shown in FIGS. 3 and 4
was prepared. More particularly, two pipe sections 11
and 16 were separately formed of a refractory having a
chemical composition comprising 27 wt. % carbon (C),
46 wt. % aluminum oxide (Al203), 24 wt. % silicon
oxide (5103) and 3 wt. % silicon carbide (SIC). The
upper pipe section 11 out of the two pipe sections 11 and
16 had the male screw 15 formed on the tapered outer
surface converging toward the tip of the lower end
portion 13 of the upper pipe section 11, and the lower
pipe section 16 out of the two pipe sections 11 and 16
had, on the other hand, the female screw 20 formed on
the tapered inner surface diverging toward the tip of the
upper end portion 17 of the upper pipe section 16.

Then, the upper pipe section 11 and the lower pipe
section 16 were connected to each other in series and in
a liquid-tight manner by causing the male screw 15 of
the lower end portion 13 of the upper pipe section 11 to
engage with the female screw 20 of the upper end por-
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tion 17 of the lower pipe section 16, whereby the bore
14 of the upper pipe section 11 and the bore 19 of the
lower pipe section 16 were communicated with each
other, to prepare the molten metal pouring pipe C for a
pressure-casting machine. When causing the male screw
15 of the lower end portion 13 of the upper pipe section
11 to engage with the female screw 20 of the upper end
portion 17 of the lower pipe section 16, a refractory
mortar was applied onto the surfaces of the male screw
15 and the female screw 20 to further improve liquid-
tightness at the junction between the upper pipe section
11 and the lower pipe section 16, i.e., at the threaded
joint c.

In accordance with the above-mentioned manner,
samples of the molten metal pouring pipes C within the
scope of the present invention for a pressure-casting
machine (hereinafter referred to as the “samples of the
invention”) Nos. 1 to 9 were prepared, which samples
were different from each other within the scope of the
present invention in the inclination angle “©” of the
tapered outer surface of the lower end portion 13 of the
upper pipe section 11 and the tapered inner surface of
the upper end portion 17 of the lower pipe section 16
relative to the center axis of the molten metal pouring
pipe C, as well as in the pitch of the male screw 15
formed on the tapered outer surface of the lower end
portion 13 of the upper pipe section 11 and the female
screw 20 formed on the tapered inner surface of the
upper end portion 17 of the lower pipe section 16.

The dimensions of various portions in each of the

samples of the invention Nos. 1 to 9 are shown in Table
1.
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cal inner surface of the upper end portion 7 of the lower
pipe section 6. |

Then, the upper pipe section 1 and the lower pipe
section 6 were connected to each other in series and in
a liquid-tight manner in the same manner as in the sam-
ples of the invention Nos. 1 to 9, thereby preparing
samples of the molten metal pouring pipes B outside the
scope of the present invention for a pressure-casting
machine (hereinafter referred to as the “samples for
comparison’) Nos. 1 and 2.

The dimensions of various portions in each of the

samples for comparison Nos. 1 and 2 are shown also in
Table 1.

For comparison purposes, furthermore, samples of
molten metal pouring pipes outside the scope of the
present invention for a pressure-casting machine (here-
inafter referred to as the “samples for comparison”)
Nos. 3 to 5 were prepared. More specifically, each of
the samples for comparison Nos. 3 to 5§ comprised two
pipe sections separately formed of a refractory having
the same chemical composition as that of the samples of

the invention Nos. 1 to 9. The upper pipe section out of

the two pipe sections had a male screw formed on a
tapered outer surface of the lower end portion of the
upper pipe section, as in the upper pipe section 11 in the
sampies of the invention Nos. 1 to 9. The lower pipe
section out of the two pipe sections had, on the other
hand, a female screw formed on a tapered inner surface
of the upper end portion of the lower pipe section, as in
the lower pipe section 16 in the samples of the invention
No. 1 to 9. The tapered outer surface of the lower end
portion of the upper pipe section and the tapered inner

TABLE 1
| Threaded joint

Length of Inclination Thickness of Average value of

portion angle of Pitch of portion near Number - number of steel

Total Outer Inner  provided with surface pro- screw  starting point of cycle strands cast by

length diameter diameter screw threads vided with threads of screw for casting repeating cycle

No. (mm) (mm) (mm) {mm) screw threads (mm) threads (mm) steel strands for casting
Sample of the
invention
1 4,100 350 120 300 2.0° 10 52.0 3 11.2
2 4,100 350 120 300 2.0° 25 44.5 3 11.7
3 4,100 350 120 300 8.0° 35 62.5 4 15.6
4 4,100 350 120 300 8.0° 45 57.5 4 15.5
5 4,100 350 120 300 10.0° 45 62.5 4 15.6
6 4,100 350 120 300 12.0° 25 77.5 4 14.5
7 4,100 400 120 300 12.0° 85 47.5 4 12.2
8 4,100 400 120 300 15.0° 25 85.5 4 13.5
9 4,100 400 120 300 15.0° 85 55.5 4 13.8
Sample for
comparison

1 4,100 350 120 300 o° 9 48.0 3 9.2
2 4,100 350 120 300 0° 35 41.5 3 10.4
3 4,100 350 120 300 1.0° 8 51.0 3 9.5
4 4,100 400 120 300 16.0° 95 53.0 3 9.9
3 4,100 400 120 300 17.5° 86 55.0 3 94

For comparison purposes, the molten metal pouring
pipe B outside the scope of the present invention for a
pressure-casting machine as shown into FIGS. 1 and 2

was prepared. More specifically, two pipe sections 1 60

and 6 were separately formed of a refractory having the
same chemical composition as that of the samples of the
invention Nos. 1 to 9. The upper pipe section 1 out of
the two pipe sections 1 and 6 had the male screw 5
formed on the cylindrical outer surface of the lower end
portion 3 of the upper pipe section 1, and the lower pipe
section 6 out of the two pipe sections 1 and 6 had, on the
other hand, the female screw 10 formed on the cylindri-
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surface of the upper end portion of the lower pipe sec-
tion, had an inclination angle of under 2.0° or over 15.0°
outside the scope of the present invention relative to the
center axis of the molten metal pouring pipe. In each of
the samples for comparison Nos. 3 to 5, the upper pipe
section and the lower pipe section were connected to
each other in series and in a liquid-tight manner in the
same manner as in the samples of the invention Nos. 1 to
9.

The dimensions of various portions in each of the

samples for comparison Nos. 3 to 5 are shown also in
Table 1.
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The pressure casting of molten steel was conducted
by applying each of the samples of the invention Nos. 1
to 9 and the samples for comparison Nos. 1 to 5, to a
known pressure-casting machine to investigate durabil-
ity for each sample.

The above-mentioned known pressure-casting ma-
chine comprised a carriage travellable on a pair of rails,
a closed vessel mounted on the carriage, a ladle ar-
ranged in the closed vessel, and five molds arranged
above the closed vessel in parallel with each other at
prescribed intervals in the travelling direction of the
carriage. The ladle had a capacity of 75 tons of molten
steel. The upper end portion of a sample of the molten
metal pouring pipe was secured to a lid of the closed
vessel so that the lower end of the sample ran through
the lid of the closed vessel and was immersed into mol-
ten steel received in the ladle.

Then, the carriage mounting the closed vessel in
which the ladle was arranged was moved to below a
first mold out of the five molds, and the upper end of the
sample was connected to an opening of a bottom wall of
the first mold. Then, a compressed inert gas was sup-
plied 1nto the closed vessel from a compressed gas sup-
ply means through a compressed gas supply port of the
closed vessel to pour molten steel received in the ladle
arranged in the closed vessel into the first mold through
the sample under the effect of the compressed inert gas
thus supplied. After the completion of pouring of mol-
ten steel nto the first mold, supply of the compressed
inert gas into the closed vessel was discontinued, and
the connection between the opening of the bottom wall
of the first mold and the upper end of the sample was
released. Then, the carriage mounting the closed vessel
in which the ladle was arranged was moved to below a
second mold out of the five molds, and the upper end of
the sample was connected to an opening of a bottom
wall of the second mold. Then, again in the same man-
ner as described above, the compressed inert gas was
supphed into the closed vessel to pour molten steel
received in the ladle arranged in the closed vessel into
the second mold through the sample. After the comple-
tion of pouring of molten steel into the second mold,
supply of the compressed 1nert gas into the closed vessel
was discontinued, and the connection between the
opening of the bottom wall of the second mold and the
upper end of the sample was released. Thus, molten
steel was poured sequentially into these five mold in the
same manner as described above. After the solidifica-
tion of molten steel poured into the individual molds,
cast steel strands were taken out from the molds,
whereby a plurality of steel strands were cast from 75
tons of molten steel received in the single ladle. The
pouring operation of molten steel into the mold was
immediately discontinued when cracks were produced
during the pouring operation of molten steel at the
junction between the upper pipe section and the lower
pipe section of the sample, i.e., the threaded joint, and as
a result, any abnormality was observed in the pouring
operation of molten steel.

After the completion of the above-mentioned first
cycle for casting a plurality of steel strands from 75 tons
of molten steel for the single ladle, a second cycle com-
prising the same steps as in the first cycle was carried
out. Since a certain period of time was required for the
preparation of a new heat of molten steel between the
first cycle and the second cycle, the sample used in the
first cycle was cooled. The sample was therefore previ-
ously heated prior to the start of the second cycle. A
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plurality of cycles for casting a plurality of steel strands
from 75 tons of molten steel of the single ladle were thus
carried out.

For each of a plurality of the same samples, the
above-mentioned pressure casting was conducted, and
for each of the same samples, an average value of the
number of steel strands cast by repeating the cycle for
casting a plurality of steel strands, was calculated. For
each of the samples of the invention Nos. 1 to 9 and the
samples for comparison Nos. 1 to 5, a number of repeti-
tions of the cycle for casting a plurality of steel strands,
and an average value of the number of the steel strands
cast by repeating the above-mentioned cycle are shown
also 1in Table 1.

As 1s clear from Table 1, in the samples of the inven-
tion Nos. 1 to 9, the average values of the number of
steel strands cast by repeating the cycle for casting a
plurality of steel strands were so high as within a range
of from 11.2 to 15.6, demonstrating that all the samples
of the invention Nos. 1 to 9 had an excellent durability.

In the samples for comparison Nos. 1 to 5, in contrast,
the average values of the number of steel strands cast by
repeating the cycle for casting a plurality of steel
strands were so low as within a range of from 9.2 to
10.4, suggesting that all the samples for comparison
Nos. 1 to 5 were inferior 1in durability.

Samples of the molten metal pouring pipe D of the
second embodiment of the present invention as shown
in FIGS. § and 6 were prepared, and by using these
samples within the scope of the present invention, the
same pressure casting as mentioned above was carried
out, and substantially the same results as those men-
tioned above for the samples of the invention Nos. 1 to
9 were obtained. _ '

According to the present invention, as described
above in detall, it is possible to provide a molten metal
pouring pipe for a pressure-casting machine, which
increases the strength at the junction between the upper
pipe section and the lower pipe section, thereby making
it possible to continue a stable casting operation for a
long period of time, thus providing many industrially
useful effects.

What 1s claimed is:

1. In a pressure-casting machine that contains a mol-
ten metal delivery system, which comprises:

a mold:

a closed vessel arranged below said mold;

a molten metal pouring pipe made of a refractory,
said molten metal pouring pipe having a center
axis, a length of at least 4 m, and an outside diame-
ter of at least 350 mm;

an upper end of said molten metal pouring pipe being
attached substantially vertically from below to an
opening in a bottom wall of said mold of the pres-
sure-casting machine;

a lower end of said molten metal pouring pipe extend-
ing through a lid of said closed vessel arranged
below said mold, and said lower end being im-
mersed into molten metal received in a ladle ar-
ranged in said closed vessel; and

said molten metal pouring pipe comprising at least
two pipe sections connected to each other in series
and 1n a hquid-tight manner;

the improvement wherein:

said at least two pipe sections have mutually engage-
able screw threaded sections for connecting said
pipe sections to each other by means of a threaded
joint formed by engagement of screw threads of



5,329,987

13

said mutually engageable screw threaded sections,
said screw threaded sections each having tapered
surfaces provided with said screw threads, said
tapered surfaces each having an inclination angle
within a range of from 2.0° to 15.0° relative to the
center axis of said molten metal pouring pipe,
whereby molten metal is moved upwardly through
sald pouring pipe, under pressure, with liquid tight-
ness.

2. A pressure-casting machine as claimed in claim 1,
wherein said screw threads of said screw threaded sec-
tions of said threaded joint comprise:

(1) a male screw thread formed on a tapered outer

~ surface converging toward a tip of a lower end
portion of an upper pipe section of said at least two
pipe sections, and

(i) a female screw thread, with which said male
screw thread of said upper pipe section is engage-
able, said female screw thread being formed on a
tapered mner surface diverging toward a tip of an
upper end portion of a lower pipe section of said at
least two pipe sections.

‘3. A pressure-casting machine as claimed in claim 1,
wherein said screw threads of said screw threaded sec-
tions of said threaded joint comprise:

(1) a female screw thread formed on a tapered inner
surface diverging toward a tip of a lower end por-
tion of an upper pipe section of said at least two
pipe sections, and

(1) a male screw thread, with which said female
screw thread of said upper pipe section is engage-
able, said male screw thread being formed on a
tapered outer surface converging toward a tip of an
upper end portion of a lower pipe section of said at
least two pipe sections.

4. A pressure-casting machine as claimed in claim 1,
wherein said screw threads of said screw threaded sec-
tions of said threaded joint comprise: -

(1) a female screw thread formed on a tapered inner

surface diverging toward a tip of a lower end por-
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tion of an upper pipe section of said at least two
pipe sections, and
(11) a female screw thread formed on a tapered inner
surface diverging toward a tip of a lower end por-
tion of an upper pipe section of said at least two
pipe sections, and
(1) a nipple made of a refractory, said nipple having
a male screw thread, with which said female screw
thread of said upper pipe section is engageable,
formed on a tapered outer surface converging
toward a tip of an upper end portion thereof, and
another male screw thread, with which said female
screw thread of said lower pipe section is engage-
able, formed on a tapered outer surface converging
toward a tip of a lower end portion thereof.
S. A pressure-casting machine as claimed in any one
of claims 1 to 4, wherein:
said tapered surfaces of said screw threaded sections
of said threaded joint have an inclination angle
within a range of from 4.0° to 8.0° relative to the
center axis of said molten metal pouring pipe.
6. A pressure-casting machine as claimed in any one
of claims 1 to 4 wherein: '
said screw threads of said screw threaded sections of
sald threaded joint have a patch within a range of
from 10 to 85 mm.
1. A pressure-casting machine as claimed in claim 5,
wherein:
said screw threads of said screw threaded sections of
said threaded joint have a pitch within a range of
from 10 to 85 mm.
8. A pressure-casting machine as claimed in any one
of claims 1 to 4 wherein:
sald screw threads of said screw threaded sections of
said threaded joint have a patch within a range of
25 to 65 mm.
9. A pressure-casting machine as claimed in any one
of claim 5, wherein:
said screw threads of said screw threaded sections of
said threaded joint have a patch within a range of

25 to 65 mm.
E % * b %X



UNITED STATES PATENT AND TRADEMARK OFFICE
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 14, line 2 (claim 4), delete "and"

Column 14, line 4 (claim 4),
change "a lower" to --an upper--

Column 14, line 5 (claim 4),
change “an upper" to --a lower--

Column 14, line 25 (claim 6),
change "patch" to --pitch--

Column 14, line 35 (claim 8),
change "patch" to --pitch--

Column 14, lines 37-38 (claim 9),
delete "any one of"

Column 14, line 40 (claim 9),
change "patch" to --pitch--
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